Microbial effects on phosphorus release were studied for the sediments of Tianjin source water by controlling DO and pH. The results show that: (1) In sterilised water, phosphorus began to release when pH ¼ 9.1 and the stable release rate was 9.51 mg/(d·m 2 ). It indicates that microorganisms may utilise anaerobic iron respiration to release Fe-P. (2) With unsterilised water, phosphorus release rate is 2.14 mg/(d·m 2 ) when pH ¼ 6.5, 8.60 mg/(d·m 2 ) when pH is uncontrolled, and gets to 8.51 mg/(d·m 2 ) when pH ¼ 9.1. This indicates that microorganisms can dissolve insoluble phosphates to accelerate the ion exchange of OH 2 and PO 4 32 , which are derived from iron-bound ortho-P and aluminium-bound ortho-P.
INTRODUCTION
Nowadays, the adsorption-desorption of phosphorus and ortho-P co-release with reduced metal are considered as the key mechanisms that can explain phosphorus release from profound anaerobic lake sediments (Zhou et al. 2001) .
Recently, it has been discovered that microorganisms play an important role in the release of iron-bound phosphate.
However, little is known about the mechanisms by which microorganisms affect the phosphorus release. Generally speaking, microorganisms can dissolve, mineralise and fix the phosphorus. But the phosphatase excreted from microorganisms can dramatically influence the process of organic phosphorus mineralisation. The experiments on Venice Lagoon and Xihu Lake show that the phosphorus release rate is proportional to the phosphatase activity (Chen et al. 1997; Zhou et al. 2001) . Moreover, in the studies of Soyang Lake, Erken Lake and Donghu Lake, the phenomenon of eutrophication is found to be relative to the activity of alkaline phosphatase and the meaning of dramatic parameters (Zhou & Fu 1999; Zhou et al. 2000) . Therefore, our research is focused on the sediment P release mechanisms under various environmental parameters especially microorganisms, which control the phosphorus release. Furthermore, the relationship of phosphatase activity and organic phosphorus (OP) is studied as well.
MATERIALS AND METHODS

Sampling
The sampling site was in Haihe River. Sediments were collected at the depth of 30 cm by a core sampler. They were preserved in polyethylene bags. The sediments were sieved to remove large pieces of stones and sand particles through Standard Testing Sieve. Then it was mixed thoroughly and 1,500 mL sediment-water mixture was measured and put into each tester for the release experiment. Residual sediments were air dried, sieved and finally preserved at 48C for further analysis.
The water was obtained through the microporous filtering film (0.45 mm pore size) and then slowly flowed into the testers.
Chemical analysis
A suitable volume of solution was collected from each sample every two days and the amount of soluble phosphorus was analysed by colorimetry after reaction doi: 10.2166/wst.2008.459 with molybdate and L-ascorbic acid (APHA et al. 1992 ). The phosphatase was tested by the P-NPP method (Berman 1970 ) and the labile OP was measured by fractionation of organic method (Bowman & Cole 1978) . pH was obtained by a pHS-25 pH meter and dissolved oxygen (DO) was measured by a HI 9141 DO meter every day.
Release experiment design
Sediments were put into quadrate glass chambers with outer PVC housing to protect the sediments and water from light. A cap was mated with the bottom of each chamber and air holes and sampling ports were kept on the cap.
Uviol lamps were fixed in the chamber 1 # , 3 # . Overlying water was adjusted to different pH with NaOH and HCl.
The temperature inside was controlled at 258C by recycling hot water. Additionally, by adding oxygen and nitrogen, DO was controlled at 7-8 mg/L under aerobic conditions and 0-1 mg/L under anaerobic conditions. The release rates of phosphorus release from the sediment were calculated according to the following formula (Wang et al. 2002) :
where V (L) is the volume of overlying water. The analysed time is expressed as "n". C n (mg/L) is the concentration of orthophosphate measured every time. C 0 (mg/L) is the original concentration of orthophosphate in overlying water. V n (L) represents the sample volume every time.
g (mg) is the release quantity measured every time.
R (mg/(d·m 2 )) is the release rate. The release time is described as t (d). The touch area of sediment and water A (m 2 ) in this experiment is 0.29 m 2 .
RESULTS AND DISCUSSION
Changes of pH, DO and microorganisms
The release characteristics of phosphorus under different conditions (Table 1) It is well known that under anaerobic acidic conditions, Fe 3 þ is easily reduced to co-release with PO 32 4 . Micro- and H 2 PO 2 4 will gradually get to the equilibrium concentrations in overlying water. So the release rate decreased from 8.51 mg/(d·m 2 ) to 5.13 mg/(d·m 2 ) in 6 # chamber (pH ¼ 6. 
Changes of OP and phosphatase in sediments
Based on the different mineralisation rates, OP fractiona- that comes from Fe-P and Al-P. The activity of alkaline 
